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1
CONDUCTOR CONNECTION STRUCTURE

The present application 1s based on Japanese patent appli-
cation Nos. 2009-044269 and 2009-044270 filed on Feb. 26,
2009, the entire contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a conductor connection
structure, which 1s specially designed to be used 1n hybnd
vehicles, electric vehicles, and the like.

2. Description of the Related Art

Conventionally, as a conductor connection structure for
clectrically connecting cable (insulated cable) conductors
together, there 1s known a terminal connection type conductor
connection structure which mates male and female terminals
provided at ends of one cable and the other, respectively, to
thereby electrically connect their respective conductors
together.

Also, as a conductor connection structure used 1n joints of
large-capacity cables such as power cables (power electric
cables), there 1s known a terminal connection type conductor
connection structure which mates a male pin terminal to a
female socket terminal provided at ends of cables, respec-
tively.

Refer to JP-A-2008-103152, JP-A-2008-103153, and
JP-A-2008-123997, for example.

With the conventional terminal connection type conductor
connection structures, however, there 1s the problem that the
mating male and female terminal portion tends to be larger
than the outside diameter of the cables. This increases the size
of the connecting portion, to cause difficulty 1n size reduction
of, especially, the portion connecting plural cables to other
cables (or pin terminals).

Further, there 1s the problem of the increasing number of
parts due to requirements for connecting the terminals to the
conductors of the cables, respectively.

Also, using the cable connection portion 1n a vibrational
environment, such as a hybrid vehicle, an electric vehicle, or
the like, requires removal of the vibrational effect on the cable
connection portion. To remove such vibration, it has been
suggested to provide a spring around the perimeter of the
female terminal, to firmly secure the male and female termi-
nals.

However, there 1s the problem that the vibration-resistant
spring accelerates wear 1n the contact portion caused by ter-
minal isertion/removal.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention to
provide a conductor connection structure, which obviates the
above problems, thereby ensuring reduction in the size of 1ts
portion connecting conductors together, and 1n the number of
parts, and 1nhibiting wear in the contact portion of the con-
ductors caused by terminal 1nsertion/removal.

And, 1t 1s another object of the present invention to provide
a conductor connection structure, which obviates the above
problems, thereby ensuring reduction in the size of 1ts portion
connecting conductors together, and 1n the number of parts.
(1) According to one embodiment of the invention, a conduc-
tor connection structure comprises:

a cable comprising a stranded conductor comprising
twisted plural wire conductors, and an insulating layer
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formed around the perimeter of the stranded conductor, the
cable being connected to a male terminal member;

a female terminal comprising a protruding portion formed
by causing the stranded conductor to protrude from the 1nsu-
lating layer at an end of the cable, the female terminal being
formed 1n a cylindrical shape by widening the center of an end
of the protruding portion to make the protruding portion
hollow, to insert the male terminal member into the protrud-
ing portion; and

a fastening member slidably provided around the perimeter
of the female terminal, to tighten the female terminal when
connected to the male terminal member, to fasten the male
terminal member.

In the above embodiment (1), the following modifications
and changes can be made.

(1) The female terminal includes a cylindrical portion at the
end of the protruding portion cylindrically molded by dia-
metrically widening the stranded conductor at the end of the
protruding portion, and the cylindrical portion 1s formed with
plural slits 1n 1ts axial direction, which circumierentially split
the cylindrical portion.

(11) An even number of the slits are formed to circumier-
entially and equally split the cylindrical portion.

(111) The cylindrical portion of the female terminal 1s
formed to be widened toward 1ts end.

(1v) The 1inner wall of the fastening member 1s formed 1n a
tapered shape, which 1s widened toward the end of the female
terminal.

(v) The female terminal 1s formed by arranging a female
terminal mold around the protruding portion, and pushing a
pusher member with a pointed protrusion into the end of the
protruding portion to widen the plural wire conductors of the
protruding portion outward, so that the female terminal 1s
molded by the pressure between the female terminal mold
and the pusher member.

(vi) The cylindrical portion of the female terminal 1s
formed to be widened toward 1ts end by widening its end
outward after the pressure molding.

(vi1) The female terminal 1s formed by widening outward
and pressure molding the plural wire conductors of the pro-
truding portion, and subsequently adhering a conductive
metal.

(vi1) The female terminal 1s formed by adhering a conduc-
tive metal to the plural wire conductors at the end of the
stranded conductor, and subsequently widening outward and
pressure molding the plural wire conductors.

(1x) The fastening member 1s formed of the same material
as the stranded conductor, or stainless.

(x) The male terminal member 1s a pin terminal.

(x1) The male terminal member comprises a cable compris-
ing a stranded conductor comprising twisted plural wire con-
ductors, and an msulating layer formed around the perimeter
of the stranded conductor, and a male terminal with a pro-
truding portion formed by causing the stranded conductor to
protrude from the insulating layer at the end of the cable, and
diametrically compressing the end of the protruding portion,
to mate the protruding portion to the female terminal.

(2) According to another embodiment of the invention, a
conductor connection structure comprises:

a cable comprising a stranded conductor comprising
twisted plural wire conductors, and an insulating layer
formed around the perimeter of the stranded conductor, the
cable being connected to a male terminal member; and

a female terminal comprising a protruding portion formed
by causing the stranded conductor to protrude from the 1nsu-
lating layer at an end of the cable, the female terminal being
tformed 1n a cylindrical shape by widening the center of an end
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of the protruding portion to make the protruding portion
hollow, to sert the male terminal member into the protrud-
ing portion.

In the above embodiment (2), the following modifications
and changes can be made.

(1) The female terminal 1s formed by arranging a female
terminal mold around the protruding portion, and pushing a
pusher member with a pointed protrusion into the end of the
protruding portion to widen the plural wire conductors of the
protruding portion outward, so that the female terminal 1s
molded by the pressure between the female terminal mold
and the pusher member.

(11) The female terminal includes a cylindrical portion at
the end of the protruding portion cylindrically molded by
diametrically widening the stranded conductor at the end of
the protruding portion, and the cylindrical portion 1s formed
with plural slits 1n 1ts axial direction, which circumierentially
split the cylindrical portion.

(111) An even number of the slits are formed to circumfier-
entially and equally split the cylindrical portion.

(1v) The female terminal 1s formed by widening outward
and pressure molding the plural wire conductors of the pro-
truding portion, and subsequently adhering a conductive
metal.

(v) The female terminal 1s formed by adhering a conductive
metal to the plural wire conductors at the end of the stranded
conductor, and subsequently widening outward and pressure
molding the plural wire conductors.

(3) According to another embodiment of the nvention, a
conductor connection structure comprises:

a cable comprising a stranded conductor comprising
twisted plural wire conductors, and an insulating layer
tformed around the perimeter of the stranded conductor, the
cable being connected to a male terminal member; and

a female terminal comprising a protruding portion formed
by causing the stranded conductor to protrude from the 1nsu-
lating layer at an end of the cable, the female terminal being
formed by splitting the protruding portion into two to be
formed 1nto a clevis shape, to insert the male terminal member
into the protruding portion.

In the above embodiment (3), the following modifications
and changes can be made.

(1) The female terminal 1s formed with the two clevis ter-
minal portions, each being formed to have a rectangular
cross-sectional shape.

(1) The conductor connection structure further comprises

a spring provided around the perimeter of the female ter-
minal to inhibit the female terminal from being widened
outward when inserting the male terminal member.

(111) The spring 1s formed of the same material as the
stranded conductor, or stainless.

(1v) The male terminal member 1s a pin terminal.

(v) The male terminal member comprises a cable compris-
ing a stranded conductor comprising twisted plural wire con-
ductors, and an msulating layer formed around the perimeter
of the stranded conductor, and a male terminal with a pro-
truding portion formed by causing the stranded conductor to
protrude from the 1mnsulating layer at the end of the cable, and
diametrically compressing the end of the protruding portion,
to mate the protruding portion to the female terminal.

POINTS OF THE INVENTION

In one embodiment of the invention, a stranded conductor
of cable 1s converted into a terminal to form a female terminal
cable, so that no conventional terminal used 1s required, and
the connection portion of the conductors (the connection
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portion of the female terminal and male terminal member)
can therefore be smaller than the outside diameter of the

cable, thus ensuring the size reduction of the connection
portion. Also, because of no terminal required, 1t can be
ensured that the number of parts 1s reduced, thereby allowing
a reduction in production cost. Further, reduction 1n the size
and the number of parts can ensure the weight reduction of the
conductor connection structure. Also, because of no terminal
required, the increase of the connection resistance caused in
the connection portion of the stranded conductor and the
terminal, and therefore heat generation in the connection
portion can be inhibited. Further, a slidable fastening member
may be provided around the perimeter of the female terminal
to tighten the female terminal only when connected to the
male terminal member, so that the wear 1n the contact portion
caused by the msertion/removal of the male terminal member
can be 1nhibited, and the male terminal can securely be fixed
into the female terminal. This can realize the conductor con-
nection structure whose connection portion is not adversely
alfected by vibration, and whose contact portion 1s not worn
during insertion/removal. Thus, this conductor connection
structure 1s suitable for conductor connection structure for
electric cables used 1n vibrational environments, such as
vehicles.

BRIEF DESCRIPTION OF THE DRAWINGS

The pretferred embodiments according to the invention will
be explained below referring to the drawings, wherein:

FIG. 1A 1s a front view showing a female terminal cable
used 1n a conductor connection structure 1n a first embodi-
ment according to the imvention;

FIG. 1B 1s a side end face view showing the female termi-
nal cable of FIG. 1A;

FIG. 1C 1s a side end face view showing a male terminal
cable used 1n the conductor connection structure 1n the first
embodiment;

FIG. 1D 1s a front view showing the male terminal cable of
FIG. 1C;

FIG. 1E 1s a side end face view showing a pin terminal used
in the conductor connection structure in the first embodiment;

FIG. 1F 1s a front view showing the pin terminal of FIG. 1E;

FIGS. 2A-2C are diagrams showing a process for produc-
ing the female terminal cable of FIG. 1A;

FIG. 3A 15 a longitudinal sectional view showing a pusher
member used 1 producing the female terminal cable;

FIG. 3B 1s a cross-sectional view showing the pusher mem-
ber taken along line 3B-3B of FIG. 3A;

FIG. 4A 1s a front view showing the conductor connection
structure prior to fastening in the first embodiment;

FIG. 4B 1s a longitudinal sectional view showing the con-
ductor connection structure of FIG. 4A;

FIG. 5A 1s a front view showing the conductor connection
structure after fastening 1n the embodiment;

FIG. 5B 1s a longitudinal sectional view showing the con-
ductor connection structure of FIG. SA;

FIG. 6 1s a front view showing a female terminal cable used
in a conductor connection structure 1n a second embodiment
according to the invention;

FI1G. 7 1s a front view showing a female terminal cable used
in a conductor connection structure in a third embodiment
according to the invention;

FIG. 8A 1s a front view showing a female terminal cable
used 1n a conductor connection structure 1n a fourth embodi-
ment according to the ivention;

FIG. 8B 15 a side end face view showing the female termi-

nal cable of FIG. 8A;
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FIG. 8C 1s a side end face view showing a male terminal
cable used 1n the conductor connection structure in the fourth
embodiment;

FI1G. 8D 1s a front view showing the male terminal cable of
FIG. 8C;

FIG. 8E 1s a side end face view showing a pin terminal used
in the conductor connection structure in the fourth embodi-
ment;

FI1G. 8F 1s a front view showing the pin terminal of FIG. 8E;

FIGS. 9A and 9B are diagrams showing a process for
producing the female terminal cable of FIG. 8A;

FIG. 10 1s a side view showing the conductor connection
structure 1n the fourth embodiment;

FIG. 11A 1s a front view showing a female terminal cable
used 1n a conductor connection structure in a fitth embodi-

ment according to the invention;

FIG. 11B 1s a side end face view showing the female
terminal cable of FIG. 11A;

FIG. 11C 1s a side end face view showing a male terminal
cable used 1n the conductor connection structure 1n the fifth
embodiment;

FIG. 11D 1s a front view showing the male terminal cable
of FIG. 11C;

FIG. 11E 1s a side end face view showing a pin terminal
used 1n the conductor connection structure in the fifth
embodiment;

FIG. 11F 1s a front view showing the pin terminal of FIG.
11E;

FIG. 12A 1s a front view showing a female terminal cable
used 1n a conductor connection structure 1n a sixth embodi-
ment according to the imvention;

FIG. 12B 1s a side end face view showing the female
terminal cable of FIG. 12A;

FIG. 12C 1s a side end face view showing a male terminal
cable used 1n the conductor connection structure 1n the sixth
embodiment;

FI1G. 12D 1s a front view showing the male terminal cable
of FIG. 12C;

FIG. 12E 1s a side end face view showing a pin terminal
used 1 the conductor connection structure in the sixth
embodiment;

FIG. 12F 1s a front view showing the pin terminal of FIG.
12E;

FIG. 13A 1s a front view showing a female terminal cable
used 1n a conductor connection structure 1n a seventh embodi-
ment according to the imvention;

FIG. 13B 1s a side end face view showing the female
terminal cable of FIG. 13A;

FIG. 13C 15 a side end face view showing a male terminal
cable used in the conductor connection structure 1n the sev-
enth embodiment;

FI1G. 13D 1s a front view showing the male terminal cable
of FIG. 13C;

FIG. 13E 1s a side end face view showing a pin terminal
used 1n the conductor connection structure in the seventh
embodiment;

FIG. 13F 1s a front view showing the pin terminal of FIG.
13E;

FIG. 14 A 15 a perspective view showing one example of a
connector using the conductor connection structure in the
fourth embodiment; and
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FIG. 14B 1s a cross-sectional view showing the connector
taken along line 14B-14B of FIG. 14A.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

L1
=]

ERRED

First embodiment

Below 1s described a conductor connection structure in the
first embodiment according to the invention, referring to
FIGS. 1A-1F, 2A-2C, 3A, 3B, 4A, 4B, 5A and 5B.

A conductor connection structure of the invention 1s for
connecting a cable to a male terminal member (another cable
or a pin terminal), and 1s used in, for example, large-current
wire harness connectors for use in hybrid vehicles, electric
vehicles, and the like.

Female Terminal Cable 1

FIG. 1A 1s a front view showing a female terminal cable
used in the conductor connection structure of the first

embodiment. FIG. 1B i1s a side end face view showing the
female terminal cable of FIG. 1A.

As shown 1in FIGS. 1A and 1B, a female terminal cable 1
comprises a cable 6, a female terminal 5 formed 1ntegrally
with an end of the cable 6, and a fastening member (spring) 8

provided slidably around the perimeter of the female terminal
5

Cable 6

The cable 6 comprises a stranded conductor 3 comprising,
twisted plural wire conductors 2, and an insulating layer 4
formed around the perimeter of the stranded conductor 3.

It 1s desirable that the stranded conductor 3 of the cable 6
uses twisted multiple wire conductors 2, 1.e., at least 20,
preferably 350 or more twisted wire conductors 2. The wire
conductors 2 to use may have a diameter o of substantially
0.1-1.0 mm, for example. It 1s desirable that the stranded
conductor 3 has a diameter of 4.0-10 mm, for example, and
that the entire stranded conductor 3 1s rigid.

The wire conductors 2 are formed of copper, a copper alloy,
aluminum, an aluminum alloy, or the like. The insulating
layer 4 1s formed of a rubber material, or a plastic material.
Although 1n FIGS. 1A and 1B, the insulating layer 4 1s formed
by one layer, 1t may have a multilayer structure.

Female Terminal 5

The female terminal 3 1s for inserting and mating a later-
described male terminal member, and 1s formed of a protrud-
ing portion 7 of the stranded conductor 3. The female terminal
5 comprises a cylindrical portion Sa at an end of the protrud-
ing portion 7 cylindrically molded by diametrically widening
the protruding portion 7 of the stranded conductor 3, and a
tapered base 3¢ between a base end 7a of the protruding
portion 7 at the boundary between the protruding portion 7
and the msulating layer 4, and the cylindrical portion 5a. The
tapered base 5c¢ 1s diametrically and gradually widened from
the base end 7a. At the end of the female terminal 3 1s formed
a hollow portion 5b enclosed with the cylindrical portion 5a.
Also, the cylindrical portion Sa of the female terminal 5 1s
formed to be widened toward 1ts end.

Slits 9

The cylindrical portion Sa of the female terminal 5 1s
formed with plural slits 9 1n 1ts axial direction, which circum-
terentially split the cylindrical portion 5a.

It 1s preferred to form an even number of the slits 9 to
circumierentially and equally split the cylindrical portion 5a.
This allows the respective inner surfaces of the split cylindri-
cal portions 5a to be located directly opposite each other with
respect to the male terminal member (or the hollow portion
5b), and therefore the female terminal 5 and the male terminal
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member to firmly mate to each other. Also, the slits 9 are
located directly opposite each other with respect to the male
terminal member (or the hollow portion 55), and can there-
fore inhibit the male terminal member from fitting into the slit
9 and deforming the female terminal 5.

Fastening Member 8

The female terminal 5 1s provided with the fastening mem-
ber 8 slidable therearound. The fastening member 8 1s for
tightening the female terminal 5 to fasten the male terminal
member when connecting the female terminal 5 and the male
terminal member, and 1s formed 1n an annular shape, or
formed to have a C-shape 1n 1ts transverse cross-section. This
embodiment explains the use of an annular fastening member
8. The inner wall (1nner peripheral surface) 8a of the annular
fastening member 8 1s formed 1n a tapered shape, which 1s
widened toward the end of the female terminal 5.

It 1s desirable that the fastening member 8 uses a high-
conductivity material. To prevent hetero-metal contact corro-
s10m, the fastening member 8 may use the same material as the
stranded conductor 3. For example, where the stranded con-
ductor 3 1s formed of copper or a copper alloy, the fastening
member 8 may use copper or a copper alloy. Where the
stranded conductor 3 1s formed of aluminum or an aluminum
alloy, the fastening member 8 may use aluminum or an alu-
minum alloy.

Also, because 1n the case of use of, especially, a C-shape-
cross-sectional fastening member 8, 1ts use 1n an environment
of large amounts of heat generated, as 1n large current cables
and the like, causes i1ts elastic force to be weakened and 1its
contact resistance to be increased by stress relaxation due to
heat, 1t 1s preferred that the fastening member 8 uses an elastic
iron-based alloy, such as stainless, from the point of view of
long-term maintenance of its elasticity. In this manner, the
material to use as the fastening member 8 may be determined
approprately according to purposes of use, materials used as
the stranded conductor 3, etc.

Female Terminal Cable 1-Producing Process

Referring to FIG. 2A, the female terminal cable 1 1s pro-
duced as follows: Atan end of cable 6, the stranded conductor
3 1s first caused to protrude from insulating layer 4 to form the
protruding portion 7. Around the protruding portion 7 1s
arranged a female terminal mold 21. In this case, 1t 1s pre-
terred to pass beforehand the fastening member 8 around the
protruding portion 7. The length of the protruding portion 7 of
the stranded conductor 3 protruding from the end of cable 6 1s
15 to 20 mm, for example.

The female terminal mold 21 1s formed with a female
terminal mold hole 21a with a substantially constant inner
diameter. In the female terminal mold hole 21a 1s arranged the
protruding portion 7.

Referring to FI1G. 2B, a pusher member 22 with a pointed
protrusion 22a 1s subsequently pushed into the end of the
protruding portion 7, to widen the center of the end of the
protruding portion 7 to make the protruding portion 7 hollow,
and cause the pressure between the female terminal mold 21
and the pusher member 22 to mold the protruding portion 7,
to form the female terminal 5 including the hollow portion 54
in the protruding portion 7. The pointed protrusion 22a of the
pusher member 22 1s formed to be sized equal to or smaller
than a later-described male terminal member outside diam-
cter (1.e., an outside diameter of 1ts portion to be mserted into
and mated to the hollow portion 5b6).

Referring to FIGS. 3A and 3B, the perimeter of the pointed
protrusion 22a of the pusher member 22 is axially formed
with slit formation protrusions 22b, which are for forming
slits 9 simultaneously when the stranded conductor 3 1s
molded by pressure to form the female terminal 5. Although
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the stranded conductor 3 comprises the twisted plural wire
conductors 2, because the protruding portion of the stranded
conductor 3 is short and substantially straight, the slits 9 can
be molded by inserting into the protruding portion of the
stranded conductor 3 the pusher member 22 formed with the
slit formation protrusions 225.

Referring to FIG. 2C, the female terminal mold 21 and the
pusher member 22 are subsequently removed, to widen the
end of the cylindrical portion 5a outward. This widens the
slits 9, and thereby forms the wide-ended cylindrical portion
5a. The outside diameter @ of the cylindrical portion 5a prior
to the wide-end shaping 1s 10 mm, for example, 1ts side
diameter 1s @ 5 mm, for example, and its length (mating
length) 1n the axial direction of the hollow portion 556 1s 10
mm, for example.

This results 1n the female terminal cable 1, as shown 1n
FIGS. 1A and 1B.

Although herein has been explained the example of wid-
ening the end of the cylindrical portion Sa outward after the
pressure molding of the female terminal 5, the wide-end
molding of the cylindrical portion 3a may be done during the
pressure molding of the female terminal 3.

Also, to reinforce the mechanical strength of the female
terminal 5, a conductive metal may be adhered to the female
terminal 5. As the conductive metal to adhere, there 1s nickel,
anickel alloy, silver, a silver alloy, tin, a tin alloy (e.g., solder),
gold, a gold alloy, platinum, a platinum alloy, copper, a copper
alloy, aluminum, an aluminum alloy, zinc, a zinc alloy, or the
like.

When adhering the conductive metal to the female terminal
5, after the pressure molding of the female terminal 5, with the
pusher member 22 pushed in, the female terminal 5 1s
immersed 1n the conductive metal melt to adhere the conduc-
tive metal. This may be followed by wideming the end of the
cylindrical portion 3a. Although herein has been explained
the example of adhering the conductive metal after forming
the female terminal 5, the conductive metal may first be
adhered to the protruding portion 7 of the stranded conductor
3, and the female terminal 5 may then be formed by pressure
molding.

Male Terminal Member

A male terminal member to be connected to the female
terminal 5 of the female terminal cable 1 of FIGS. 1A and 1B
uses a male terminal cable 10 as shown 1n FIGS. 1C and 1D,
or a pin terminal 15 as shown 1n FIGS. 1F and 1F.

The male terminal cable 10 shown in FIGS. 1C and 1D
comprises a cable 6 icluding a stranded conductor 3 com-
prising twisted plural wire conductors 2, and an insulating
layer 4 formed around the perimeter of the stranded conduc-
tor 3, and a male terminal 11 formed by molding the stranded
conductor 3 at an end of the cable 6. Although herein is
explained the cable 6 of the male terminal cable 10 using the
same as that of the female terminal cable 1, the cable 6 may be
different therefrom in dimensions.

The male terminal 11 1s formed with a protruding portion 7
formed by causing the stranded conductor 3 to protrude from
the insulating layer 4 at the end of the cable 6, and diametri-
cally compressing the end of the protruding portion 7. The
length of the protruding portion 7 of the stranded conductor 3
protruding from the end of the cable 6 1s 15 to 20 mm, for
example.

The male terminal 11 comprises a terminal portion 11a at
a diametrically compressed end of the protruding portion 7,
and a tapered base 115 between a base end 7a of the protrud-
ing portion 7 at the boundary between the protruding portion
7 and the insulating layer 4, and the terminal portion 11a. The
tapered base 115 1s diametrically and gradually compressed
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from the base end 7a. Also at the end of the terminal portion
11a of the male terminal 11 1s formed a tapered terminal end
11c, which 1s diametrically compressed toward the end of the
male terminal 11, to facilitate the insertion of the male termi-

nal 11 into the temale terminal 5. The outside diameter a of 5

the terminal portion 11a of the male terminal 11 1s 5 mm, for
example.

Conductor Connection Structure

Referring to FIGS. 4A and 4B, the male terminal cable 10
1s connected to the female terminal cable 1 as follows: First,
with the fastening member 8 slid backward (opposite the male
terminal cable 10), the terminal portion 11a of the male
terminal 11 of the male terminal cable 10 1s 1nserted into the
hollow portion 5& of the female terminal 5 of the female
terminal cable 1. The wide-ended shape of the cylindrical
portion Sa of the female terminal S allows the terminal por-
tion 11a of the male terminal 11 to be inserted into the hollow
portion 56 easily and without wear in contact portion.

Referring to FIGS. 5A and 5B, the fasteming member 8 1s
subsequently slid forward (toward the male terminal cable
10). Slits 9 are then narrowed to diametrically compress the
cylindrical portion 3a to fasten the male terminal 11 1nto the
female terminal 5. This results 1n a conductor connection
structure 51 of the mvention electrically connecting the
stranded conductor 3 of the female terminal cable 1 and the
stranded conductor 3 of the male terminal cable 10. The
fastening strength 1s adjustable by, when using the annular
fastening member 8, adjusting the imnner diameter (minimum
inner diameter) of the fastening member 8, and by, when
using the C-shape-cross-sectional fasteming member 8,
adjusting the inner diameter (minimum inner diameter) of the
fastening member 8 or appropriately selecting a material for
the fastening member 8 to adjust 1ts elasticity.

The fastening is released by sliding the fastening member
8 backward to widen the cylindrical portion 5a outward,
thereby allowing the male terminal 11 to be pulled and
removed from the female terminal 5 easily and without wear
in contact portion.

Also, the connection portion of the female terminal cable 1
and the male terminal cable 10 may be wrapped with an
insulating tape or the like, or provided with a casing or the
like, to protect the connection portion.

The pin terminal 15 shown 1n FIGS. 1E and 1F comprises
a conductive pin 16 to mate to the female terminal of the
female terminal cable 1, and a terminal portion 17 for an
external electric equipment formed 1ntegrally with the con-
ductive pin 16 and to connect to the external electric equip-
ment. Also at the end of the conductive pin 16 i1s formed a
tapered terminal end 18, which 1s diametrically compressed
toward the end of the conductive pin 16, to facilitate the
insertion of the pin terminal 15 into the female terminal 5. The
pin terminal 15 1s formed of copper, a copper alloy, alumi-
num, or an aluminum alloy, for example.

When using the pin terminal 15 as the male terminal mem-
ber, the conductive pin 16 of the pin terminal 15 1s mserted
and mated 1nto the hollow portion 556 of the female terminal 5
of the female terminal cable 1, for electrical connection, in the
same manner as when using male terminal cable 10.

Functions and Advantages

Functions and advantages of this embodiment are
explained below.

In the conductor connection structure of this embodiment,
at the end of the cable 6 of the temale terminal cable 1, the
stranded conductor 3 1s first caused to protrude from the
insulating layer 4 to form the protruding portion 7. The pro-
truding portion 7 1s widened at the center of 1ts end to make
the protruding portion 7 hollow, and thereby form the cylin-
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drical female terminal 5 for the male terminal member being
inserted thereinto. Around the perimeter of the female termi-
nal 5 1s provided slidable the fastening member 8 for tight-
ening the female terminal 5 when connected to the male
terminal member, to fasten the male terminal member.

Since 1n this embodiment the stranded conductor 3 of the
cable 6 1s converted into the terminal to form the female
terminal cable 1, no conventional terminal used 1s required,
and the connection portion of the conductors (the connection
portion of the female terminal 5 and the male terminal 11 or
the conductive pin 16) can therefore be smaller than the
outside diameter of the cable 6, thus ensuring the size reduc-
tion of the connection portion.

Also, because of no terminal required, 1t can be ensured
that the number of parts 1s reduced, thereby allowing a reduc-
tion 1n production cost. Further, reduction 1n the size and the
number of parts can ensure the weight reduction of the con-
ductor connection structure.

Also, because of no terminal required, the increase of the
connection resistance caused 1n the connection portion of the
stranded conductor 3 and the terminal, and therefore heat
generation 1n the connection portion can be inhibited.

Further, since the slidable fastening member 8 1s provided
around the perimeter of the female terminal 5 to tighten the
female terminal 5 only when connected to the male terminal

member, the wear 1n the contact portion caused by the 1nser-
tion/removal of the male terminal member can be inhibited,
and the male terminal 11 can securely be fixed into the female
terminal 5. This can realize the conductor connection struc-
ture whose connection portion i1s not adversely aifected by
vibration, and whose contact portion 1s not worn during inser-
tion/removal. Thus, the conductor connection structure 1s
suitable for electric cables used 1n a vibrational environment,
such as vehicles.

Also, since 1n this embodiment, the cylindrical portion 5a
of the female terminal 5 1s formed to be widened toward 1ts
end, the wear 1n the contact portion caused by the insertion/
removal of the male terminal member can be inhibited, and
the male terminal member can easily be inserted into the
hollow portion 55 of the female terminal 5.

Further, since 1n this embodiment, the inner wall 8a of the
fastening member 8 1s formed 1n a tapered shape which 1s
widened toward the end of the female terminal 5, the fasten-
ing member 8 can easily be slid during fastening, and the
cylindrical portion 3a can easily be diametrically compressed
to fasten the male terminal member into the female terminal
5.

The other embodiments of the invention are described
below.

Second Embodiment

Referring to FIG. 6, a female terminal cable 61 1s formed
with a stopper 62 at the end of the cylindrical portion 5a of the
female terminal 5 for preventing the fastening member 8 from
slipping, 1n the female terminal cable 1 of FIGS. 1A and 1B.
The stopper 62 1s provided to protrude diametrically outward
from the end of the cylindrical portion 5a.

The stopper 62 may be formed by bending a portion of the
end of the cylindrical portion 5a when widening the end of the
cylindrical portion Sa into the wide-end shape after or simul-
taneously with the pressure molding of the female terminal 5.

Although FIG. 6 shows the stopper 62 formed at the portion
of the end of the cylindrical portion 54, the stopper 62 may be
formed around the entire perimeter of the end of cylindrical
portion 3a.
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The stopper 62 can prevent the fastening member 8 from
accidentally slipping out from the female terminal 5 when
sliding the fasteming member 8 during the fastening.

Although the above embodiments have explained the
example of forming the cylindrical portion 5a, the female
terminal shape 1s not limited thereto. For example, when
using a male terminal member with a rectangular cross-sec-
tional terminal portion (or a conductor pin), the protruding
portion 7 of the stranded conductor 3 may be split into two to
be molded 1nto a clevis shape to form two rectangular
traverse-cross-sectional terminal portions, and provide a
square cylindrical fastening member 8 around both of the
terminal portions. In this case, both of the terminal portions
may be formed to be widened outward, to thereby inhibit
wear 1n the contact portion caused by the insertion/removal of
the male terminal member.

Third E

Embodiment

Although 1n the above embodiments the thickness of the
stranded conductor 3 in the cylindrical portion 5a of the
female terminal 5 1s constant, the thickness of the stranded
conductor 3 1n the cylindrical portion 5q of the female termi-
nal 5 may be formed 1n a tapered shape, which 1s widened
toward the end of the cylindrical portion 54, as shown 1n FIG.
7. Namely, the cylindrical portion 5a of the female terminal 5
may be formed 1n a tapered shape, so that the thickness d2 of
the end of the cylindrical portion 5a 1s greater than the tapered
base Sc-side thickness dl of the cylindrical portion 3a.

In this case, forming the diameter of hollow portion 35&
slightly greater than the outside diameter of the terminal
portion 11a of the male terminal 11 can inhibit wear 1n the
contact portion caused by the insertion/removal of the male
terminal member. When forming a female terminal cable 71
in FIG. 7, afemale terminal mold with a female terminal mold
hole formed 1n a tapered shape 1s used, so that the female
terminal 3 may be formed by pressure molding.

The conductor connection structure of the invention 1s used
in, for example, large-current wire harness connectors for use
in hybrid vehicles, electric vehicles, and the like. When
applying the conductor connection structure of the invention
to the large-current wire harness connectors, the female con-
nector 1s provided to cover the female terminal 5 of the female
terminal cable 1 (or 61), and the male connector 1s provided to
cover the male terminal 11 of the male terminal cable 10, and
when mating the female connector and the male connector,
the male terminal 11 may be inserted 1into the female terminal
5. Also, to slide the fastening member 8, the female connector
may be provided with a lock mechanism.

Herein, the invention has been described as being applied
to a large-current wire harness connector for use in hybrd
vehicles, electric vehicles, and the like, but 1s not limited
thereto.

It should be appreciated that the invention 1s not limited to
the above embodiments, but may be variously altered within
the scope not departing from the gist of the mvention.

Fourth Embodiment

Below 1s described a conductor connection structure in the
fourth embodiment according to the invention, referring to
FIGS. 8A-8F, 9A, 9B, and 10.

A conductor connection structure of the invention 1s for
connecting a cable to a male terminal member (another cable
or a pin terminal), and 1s used 1n, for example, large-current
wire harness connectors for use in hybrid vehicles, electric
vehicles, and the like.
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Female Terminal Cable 101
FIG. 8A 1s a front view showing a female terminal cable
used 1n the conductor connection structure in the first embodi-

ment. FIG. 8B 1s a side end face view showing the female
terminal cable of FIG. 8A.

As shown 1n FIGS. 8 A and 8B, a female terminal cable 101

comprises a cable 106, and a female terminal 105 formed
integrally with an end of the cable 106.
Cable 106

The cable 106 comprises a stranded conductor 103 com-
prising twisted plural wire conductors 102, and an insulating

layer 104 formed around the perimeter of the stranded con-

ductor 103.

It 1s desirable that the stranded conductor 103 of the cable
106 comprises at least 20, preferably 50 or more twisted wire
conductors 102. The wire conductors 102 to use may have a
diameter o of substantially 0.1-1.0 mm, for example. It 1s
desirable that the stranded conductor 103 have a diameter of

4.0-10 mm, for example, and that the entire stranded conduc-
tor 103 1s ngid.

The wire conductors 102 are formed of copper, a copper
alloy, aluminum, an aluminum alloy, or the like. The insulat-
ing layer 104 1s formed of a rubber material, or a plastic
material. Although in FIGS. 1A and 1B, the msulating layer
104 1s formed by one layer, it may have a multilayer structure.

Female Terminal 105

The female terminal 105 1s for inserting and mating a
later-described male terminal member, and 1s formed of a
protruding portion 107 of the stranded conductor 103. The
female terminal 105 comprises a cylindrical portion 105¢ at
an end of the protruding portion 107 cylindrically molded by
diametrically widening the protruding portion 107 of the
stranded conductor 103, and a tapered base 105¢ between a
base end 107a of the protruding portion 107 at the boundary
between the protruding portion 107 and the insulating layer
104, and the cylindrical portion 105a. The tapered base 1035¢
1s diametrically and gradually widened from the base end
107a. At the end of the female terminal 1035 1s formed a
hollow portion 1055 enclosed with the cylindrical portion
105a.

Female Terminal Cable 101-Producing Method

Referring to FIGS. 9A and 9B, the female terminal 105 1s
tformed by widening outward and pressure-molding the plural
wire conductors 102.

Referring to FIG. 9A, at an end of the cable 106, the
stranded conductor 103 1s first caused to protrude from the
msulating layer 104 to form the protrudmg portion 107.
Around the protruding portion 107 1s arranged a female ter-
minal mold 121. The length of the protruding portion 107 of
the stranded conductor 103 protruding from the end of the
cable 106 15 15 to 20 mm, for example.

The female terminal mold 121 1s formed with a female
terminal mold hole 121q 1n the same shape as the shape of the
female terminal 105 (the cylindrical portion 105a¢ and the
tapered base 105¢) to mold. In the female terminal mold hole
121a 1s arranged the protruding portion 107.

A pusher member 122 with a pointed protrusion 122a 1s
subsequently pushed into the end of the protruding portion
107, to widen the center of the end of the protruding portion
107 to make the protruding portion 107 hollow, and cause the
pressure between the female terminal mold 121 and the
pusher member 122 to mold the protruding portion 107, to
form the female terminal 105 including the hollow portion
1055 1n the protruding portion 107. The pointed protrusion
122a of the pusher member 122 1s formed to be sized equal to
or smaller than a later-described male terminal member out-
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side diameter (1.e., an outside diameter of its portion to be
inserted into and mated to the hollow portion 1055).

The formation of the female terminal 103 1s followed by
removal of the female terminal mold 121 and the pusher
member 122, resulting in the female terminal cable 101, as
shown 1n FIGS. 8A and 8B. The outside diameter @ of the
cylindrical portion 103a of female terminal 1035 1s 10 mm, for
example, 1ts mnside diameter 1s @ 5 mm, for example, and 1ts
length (mating length) in the axial direction of the hollow
portion 56 1s 10 mm, for example.

Also, to reinforce the mechanical strength of the female
terminal 105, a conductive metal may be adhered to the
female terminal 105. As the conductive metal to adhere, there
1s nickel, a nickel alloy, silver, a silver alloy, tin, a tin alloy
(e.g., solder), gold, a gold alloy, platinum, a platinum alloy,
copper, a copper alloy, aluminum, an aluminum alloy, zinc, a
zinc alloy, or the like.

When adhering the conductive metal to the female terminal
105, after the formation of the female terminal 105, the
temale terminal 103 1s immersed 1n the conductive metal melt
to adhere the conductive metal. Although herein has been
explained the example of adhering the conductive metal after
forming the female terminal 103, the conductive metal may
first be adhered to the protruding portion 107 of the stranded
conductor 103, and the female terminal 105 may then be
formed by pressure molding.

Male Terminal Member

A male terminal member to be connected to the female
terminal 105 of the female terminal cable 101 of FIGS. 8A
and 8B uses a male terminal cable 110 as shown 1n FIGS. 8C
and 8D, or a pin terminal 115 as shown 1n FIGS. 8F and 8F.

The male terminal cable 110 shown in FIGS. 8C and 8D
comprises a cable 106 including a stranded conductor 103
comprising twisted plural wire conductors 102, and an 1nsu-
lating layer 104 formed around the perimeter of the stranded
conductor 103, and a male terminal 111 formed by molding
the stranded conductor 103 at an end of the cable 106.
Although herein 1s explained the cable 106 of the male ter-
minal cable 110 using the same as that of the female terminal
cable 101, the cable 106 may be different therefrom in dimen-
$1011S.

The male terminal 111 1s formed with the protruding por-
tion 107 formed by causing the stranded conductor 103 to
protrude from the insulating layer 104 at the end of the cable
106, and diametrically compressing the end of the protruding
portion 107. The length of the protruding portion 107 of the
stranded conductor 103 protruding from the end of the cable
106 1s 15 to 20 mm, for example.

The male terminal 111 comprises a terminal portion 111a
at a diametrically compressed end of the protruding portion
107, and a tapered base 1115 between a base end 1074 of the
protruding portion 107 at the boundary between the protrud-
ing portion 107 and the msulating layer 104, and the terminal
portion 111a. The tapered base 1115 i1s diametrically and
gradually compressed from the base end 107a. Also atthe end
of the terminal portion 111a of the male terminal 111 1s
formed a tapered terminal end 111c¢, which 1s diametrically
compressed toward the end of the male terminal 111, to
facilitate the insertion of the male terminal 111 into the
female terminal 105. The outside diameter a of the terminal
portion 111a of the male terminal 111 1s 5 mm, for example.

Conductor Connection Structure

Referring to FIG. 10, when the male terminal cable 110 1s
used as the male terminal member, the terminal portion 1114
of the male terminal 111 of the male terminal cable 110 is
inserted and mated 1nto the hollow portion 1055 of the female
terminal 105 of the female terminal cable 101. This results in
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a conductor connection structure 131 of the invention electri-
cally connecting the stranded conductor 103 of the female
terminal cable 101 and the stranded conductor 103 of the male
terminal cable 110.

The connection portion of the female terminal cable 101
and the male terminal cable 110 may be covered with a casing
or the like, to protect and {ix the connection portion. Specifi-
cally, a female connector (not shown) 1s provided to cover the
female terminal 105 of the female terminal cable 101, and a

male connector (not shown) 1s provided to cover the male
terminal 111 of the male terminal cable 110, and when con-
necting the female terminal cable 101 and the male terminal
cable 110, the female connector and the male connector may
be mated, to thereby protect and {fix the connection portion.

The pin terminal 1135 shown 1n FIGS. 8E and 8F comprises
a conductive pin 116 to mate to the female terminal of the
temale terminal cable 101, and a terminal portion 117 for an
external electric equipment to connect to the external electric
equipment. Also at the end of the conductive pin 116 1s
formed a tapered terminal end 118, which 1s diametrically
compressed toward the end of the conductive pin 116, to
facilitate the insertion of the pin terminal 115 1nto the female
terminal 105. The pin terminal 115 1s formed of copper, a
copper alloy, aluminum, or an aluminum alloy, for example.

When using the pin terminal 115 as the male terminal
member, the conductive pin 116 of the pin terminal 115 1s
inserted and mated 1nto the hollow portion 1055 of the female
terminal 105 of the female terminal cable 101, for electrical
connection, 1n the same manner as when using the male
terminal cable 110.

Functions and Advantages of the Fourth Embodiment

The functions and advantages of the fourth embodiment
are explained below.

In the conductor connection structure of the fourth embodi-
ment, at an end of the cable 106 of the female terminal cable
101, the stranded conductor 103 1s first caused to protrude
from the msulating layer 104 to form the protruding portion
107. The protruding portion 107 1s widened at the center of 1ts
end to make the protruding portion 107 hollow, and thereby
form the cylindrical female terminal 105 for the male terminal
member being inserted thereinto.

Since in the fourth embodiment the stranded conductor 103
of the cable 106 1s converted into the terminal to form the
female terminal cable 101, no conventional terminal used 1s
required, and the connection portion of the conductors (the
connection portion of the female terminal 1035 and the male
terminal 111 or the conductive pin 116)' can therefore be
smaller than the outside diameter of the cable 106, thus ensur-
ing the size reduction of the connection portion.

Also, because of no terminal required, 1t can be ensured
that the number of parts 1s reduced, thereby allowing a reduc-
tion 1n production cost. Further, reduction in the size and the
number of parts can ensure the weight reduction of the con-
ductor connection structure.

Also, because of no terminal required, the increase of the
connection resistance caused 1n the connection portion of the

stranded conductor 103 and the terminal, and therefore heat
generation 1n the connection portion can be ihibited.

Fitth Embodiment

Next 1s explained the fifth embodiment of the invention.

Referring to FIGS. 11A and 11B, a female terminal cable
141 used 1 a conductor connection structure in the fifth
embodiment 1s constructed such that the cylindrical portion
105a of the female terminal 105 in the female terminal cable
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101 of FIGS. 8A and 8B 1s formed with plural slits 142 1n 1ts
axial direction, which circumierentially split the cylindrical

portion 105a.

It 1s preferred to form an even number of the slits 142 to
circumierentially and equally split the cylindrical portion
105a. This allows the respective mner surfaces of the split
cylindrical portions 1054 to be located directly opposite each
other with respect to the male terminal member (or the hollow
portion 1055), and therefore the female terminal 105 and the
male terminal member to firmly mate to each other. Also, the
slits 142 are located directly opposite each other with respect
to the male terminal member (or the hollow portion 10556),
and can therefore inhibit the male terminal member from
fitting 1nto the slit 142 and deforming the female terminal
105.

In forming the slits 142, a pusher member with slit forma-
tion protrusions (e.g., star-shaped transverse cross-sectional
protrusions) 1s used 1n the slit 142 formation portions, so that
the slits 142 may be formed simultaneously when the female
terminal 105 1s formed by pressure-molding the stranded
conductor 103 (see FIGS. 9A and 9B). Although the stranded
conductor 103 comprises twisted plural wire conductors 102,
because the protruding portion of the stranded conductor 103
1s short and substantially straight, the slits 142 can be molded
by inserting 1nto the protruding portion of the stranded con-
ductor 103 the pusher member formed with the protrusions.

When adhering the conductive metal to the female terminal
105, after the pressure molding of the female terminal 105,
with the pusher member pushed 1n, the female terminal 105 1s
immersed 1n the conductive metal melt to adhere the conduc-
tive metal. This may be followed by removal of the pusher
member.

A male terminal member to be connected to the female
terminal 105 of the female terminal cable 141 uses a male
terminal cable 143 as shown 1 FIGS. 11C and 11D, or a pin
terminal 144 as shown in FIGS. 11E and 11F. The male
terminal cable 143 1s the same as the male terminal cable 110
of FIGS. 8C and 8D, and the pin terminal 144 1s the same as
the pin terminal 115 as shown 1n FIGS. 8E and 8F.

Forming the slits 142 allows the female terminal 105 to
have a spring structure, and when inserting and mating the
male terminal 111 of the male terminal cable 143, or the
conductor pin 116 of the pin terminal 144 into the female
terminal 105, the male terminal 111 or the conductor pin 116
to be firmly held 1n the female terminal 105. Thus, the contact
resistance can be inhibited from being increased due to a gap
being formed between the female terminal 105 and the male
terminal 111 or conductor pin 116, and heat generation due to
the increase of the contact resistance can be imhibited.

Sixth Embodiment

Next 1s explained the sixth embodiment of the mnvention.

Referring to FIGS. 12A and 12B, a female terminal cable
151 used 1n a conductor connection structure in the sixth
embodiment 1s constructed such that the female terminal 1035
in the female terminal cable 141 of FIGS. 11A and 11B 1s
around there provided with a C-shaped-traverse-cross-sec-
tional spring 152 for inhibiting the cylindrical portion 105a of
the female terminal 105 from being widened outward when
inserting a male terminal member.

It 1s desirable that the spring 152 use a high-conductivity
material. To prevent hetero-metal contact corrosion, the
spring 152 may use the same maternial as the stranded con-
ductor 103. For example, where the stranded conductor 103 1s
tormed of copper or a copper alloy, the spring 152 may use
copper or a copper alloy. Where the stranded conductor 103 1s
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formed of aluminum or an aluminum alloy, the spring 152
may use aluminum or an aluminum alloy.

Also, because 1ts use 1n an environment of large amounts of
heat generated, as 1n large current cables and the like, causes
its spring force to be weakened and 1ts contact resistance to be
increased by stress relaxation due to heat, 1t 1s preferred that
the spring 152 uses an elastic 1rron-based alloy, such as stain-
less, from the point of view of long-term maintenance of 1ts
clasticity. In this manner, the material to use as the spring 152
may be determined appropriately according to purposes of
use, materials used as the stranded conductor 103, etc.

A male terminal member to be connected to the female

terminal 105 of the female terminal cable 151 uses a male
terminal cable 153 as shown in FIGS. 12C and 12D, or a pin

terminal 154 as shown in FIGS. 12E and 12F. The male
terminal cable 153 1s the same as the male terminal cable 110
of FIGS. 8C and 8D, and the pin terminal 154 1s the same as
the pin terminal 115 as shown in FIGS. 8E and 8F.

The spring 152 can reinforce the spring structure of female
terminal 105, so that the male terminal 111 or the conductor
pin 116 can be more firmly held 1n the female terminal 105.
Thus, the contact resistance can be more inhibited.

Also, the male terminal 111 or the conductor pin 116 can
more firmly be fixed to female terminal 105 by the spring 152,
so that no casing or the like 1s required to fix the connection
portion. Thus, the casing may be omitted, but the connection
portion may istead be wrapped with an insulating tape or the
like, to protect the connection portion.

Seventh Embodiment

Next1s explained the seventh embodiment of the invention.

Referring to FIGS. 13A and 13B, a female terminal cable
161 used 1n a conductor connection structure 1n the seventh
embodiment 1s formed with a female terminal 162 compris-
ing the protruding portion 107 formed by causing the
stranded conductor 103 to protrude from the insulating layer
104 at an end of the cable 106. The female terminal 162 1s
formed by splitting an end of the protruding portion 107 into
two to be formed 1nto a clevis shape, to insert a male terminal
member 1nto the protruding portion 107.

The female terminal 162 comprises two terminal portions
162a at the end of the protruding portion 107 of the stranded
conductor 103 split into two to be formed 1n a clevis shape,
and a tapered base 162¢ between a base end 107a of the
protruding portion 107 at the boundary between the protrud-
ing portion 107 and the msulating layer 104, and the terminal
portions 162a. The tapered base 162¢ 1s widened from the
base end 107a. At the end of the female terminal 162 1s
formed a hollow portion 1625 interposed between both of the
terminal portions 162a. The terminal portions 162a each are
formed 1n a rectangular transverse cross-sectional shape.

Around the female terminal 162 1s provided a substantially
rectangular-traverse-cross-sectional spring 163 for inhibiting,
the terminal portions 162a of the female terminal 162 from
being widened outward when inserting a male terminal mem-
ber 1nto the hollow portion 1625.

A male terminal member to be connected to the female
terminal 162 of the female terminal cable 161 uses a male
terminal cable 164 as shown in FIGS. 13C and 13D, or a pin
terminal 167 as shown 1n FIGS. 13E and 13F.

The male terminal cable 164 shown i FIGS. 13C and 13D
1s Tormed with a male terminal 165 by molding the stranded
conductor 103 at an end of the cable 106. The male terminal
165 1s formed with the protruding portion 107 formed by
causing the stranded conductor 103 to protrude from the
insulating layer 104 at the end of the cable 106, and molded to
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have a rectangular traverse cross-section at its end. Although
not shown 1n FIG. 13D, the end of the male terminal 165 may
be formed with a tapered terminal end, which 1s diametrically
compressed toward the end of the male terminal 165, to
facilitate the insertion of the male terminal 165 into the
female terminal 162.

The pin terminal 167 shown 1n FIGS. 13E and 13F com-
prises a conductive pin 168 to insert and mate 1nto the hollow
portion 1625 of the female terminal 162 of the female termi-
nal cable 161, and a terminal portion 169 for an external
clectric equipment formed integrally with the conductive pin
168 and to connect to the external electric equipment. Also at
the end of the conductive pin 168 1s formed a tapered terminal
end 168a, which 1s diametrically compressed toward the end
of the conductive pin 168, to facilitate the insertion of the
conductive pin 168 into the female terminal 162.

The seventh embodiment allows the female terminal 162 to
be reinforced by the spring 163 1n the same manner as the
sixth embodiment, and therefore the male terminal 165 or the
conductor pin 168 to be more firmly held 1n and fixed to the
female terminal 162. Thus, the contact resistance can be more
inhibited.

Also, even when the male terminal 165 or the conductor pin
168 1s rectangular 1n traverse cross section, 1t may be applied
to the case of an existing rectangular male terminal (pin
terminal, etc.).

The conductor connection structure of the invention 1s used
in a large-current wire harness connector for use 1 hybnd
vehicles, electric vehicles, and the like. FIGS. 14A and 14B
show one example of a large-current wire harness connector
using the conductor connection structure of the mvention.

As shown 1n FIGS. 14A and 14B, a connector 171 com-
prises a male connector 174 with a male housing 173 for
accommodating the pin terminal 115 of FIGS. 8E and 8F, and
a female connector 176 with a female housing 175 for accom-
modating the female terminal cable 101 of FIGS. 8A and 8B.
The female housing 175 1s provided with a rotary lever 177.
The male connector 174 1s inserted into the female connector
176 and the lever 177 1s rotated, thereby allowing the male
connector 174 and the female connector 176 to be mated and
fixed.

In the connector 171, the lever 177 1s rotated to mate the
male connector 174 and the female connector 176, to insert
and mate the conductor pin 116 of the pin terminal 115 nto
the hollow portion 10556 of the female terminal 105, to elec-
trically connect the pin terminal 115 and the stranded con-
ductor 103 of the female terminal cable 101.

Since the conductor connection structure of the mnvention
uses no terminal and can therefore make the connection por-
tion small, the entire connector 171 can be reduced 1n size.
Because of limited wiring space 1n hybrid vehicles or electric
vehicles, connectors are required to be reduced 1n si1ze. How-
ever, the use of the conductor connection structure of the
invention allows the wiring space to be effectively utilized,

and therefore the production cost to be reduced.
Although FIGS. 14A and 14B have exemplified the use of

the female terminal cable 101 of FIGS. 8A and 8B, the same
applies to the use of the female terminal cable 141 of FIGS.
8 A and 8B, or the female terminal cable 151 of FIGS. 9A and
9B. Also, when using a pin terminal (e.g., the pin terminal 167
of FIGS. 13E and 13F) with a rectangular conductive pin, the
female terminal cable 161 of FIGS. 13A and 13B may be
used.

Herein, the invention has been described as being applied
to a large-current wire harness connector 171 foruse in hybrid
vehicles, electric vehicles, and the like, but 1s not limited
thereto.
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It should be appreciated that the invention 1s not limited to
the above embodiments, but may be variously altered within
the scope not departing from the gist of the mvention.

What 1s claimed 1s:

1. A conductor connection comprising:

a cable comprising a stranded conductor comprising
twisted plural wire conductors, and an insulating layer
formed around the perimeter of the stranded conductor,
the cable being connected to a male terminal member;

a female terminal comprising a protruding portion formed
by causing the stranded conductor to protrude from the
insulating layer at an end of the cable, the female termi-
nal being formed 1n a cylindrical shape by wideming the
center ol an end of the protruding portion to make the
protruding portion hollow, to 1nsert the male terminal
member 1nto the protruding portion; and

a fastening member slidably provided around the perimeter
of the female terminal, to tighten the female terminal
when connected to the male terminal member, to fasten
the male terminal member;

wherein the female terminal includes a cylindrical portion
at the end of the protruding portion cylindrically molded
by diametrically widening the stranded conductor at the
end of the protruding portion, and the cylindrical portion
1s Tormed with plural slits 1n 1ts axial direction, which
circumierentially split the cylindrical portion.

2. The conductor connection structure according to claim

1,

wherein an even number of the slits are formed to circum-
ferentially and equally split the cylindrical portion.

3. The conductor connection structure according to claim

1, wherein the cylindrical portion of the female terminal 1s
formed to be widened toward 1ts end.

4. The conductor connection structure according to claim
1, wherein the inner wall of the fastening member 1s formed 1n
a tapered shape, which 1s widened toward the end of the
female terminal.

5. The conductor connection structure according to claim
1, wherein the female terminal 1s formed by arranging a
female terminal mold around the protruding portion, and
pushing a pusher member with a pointed protrusion into the
end of the protruding portion to widen the plural wire con-
ductors of the protruding portion outward, so that the female
terminal 1s molded by the pressure between the female terma-
nal mold and the pusher member.

6. The conductor connection structure according to claim
5, wherein the cylindrical portion of the female terminal 1s
formed to be widened toward 1ts end by widening its end
outward after the pressure molding.

7. The conductor connection structure according to claim
1, wherein the female terminal 1s formed by widening out-
ward and pressure molding the plural wire conductors of the
protruding portion, and subsequently adhering a conductive
metal.

8. The conductor connection structure according to claim 1
wherein the female terminal 1s formed by adhering a conduc-
tive metal to the plural wire conductors at the end of the
stranded conductor, and subsequently widening outward and
pressure molding the plural wire conductors.

9. The conductor connection structure according to claim
1, wherein the fastening member 1s formed of the same mate-
rial as the stranded conductor, or stainless.

10. The conductor connection structure according to claim
1, wherein the male terminal member comprises a pin termi-
nal.
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11. A conductor connection structure comprising:

a cable comprising a stranded conductor comprising
twisted plural wire conductors, and an insulating layer
formed around the perimeter of the stranded conductor,
the cable being connected to a male terminal member;

a female terminal comprising a protruding portion formed
by causing the stranded conductor to protrude from the
insulating layer at an end of the cable, the female termi-
nal being formed 1n a cylindrical shape by widening the
center of an end of the protruding portion to make the
protruding portion hollow, to insert the male terminal
member 1nto the protruding portion; and

a fastening member slidably provided around the perimeter
of the female terminal, to tighten the female terminal
when connected to the male terminal member, to fasten

the male terminal member,

wherein the male terminal member comprises a cable
comprising a stranded conductor comprising twisted
plural wire conductors, and an insulating layer
formed around the perimeter of the stranded conduc-
tor, and a male terminal with a protruding portion
tormed by causing the stranded conductor to protrude
from the msulating layer at the end of the cable, and
diametrically compressing the end of the protruding
portion, to mate the protruding portion to the female
terminal.

12. A conductor connection structure comprising:

a cable comprising a stranded conductor comprising
twisted plural wire conductors, and an insulating layer
formed around the perimeter of the stranded conductor,
the cable being connected to a male terminal member;
and

a female terminal comprising a protruding portion formed
by causing the stranded conductor to protrude from the
insulating layer at an end of the cable, the female termi-
nal being formed 1n a cylindrical shape by widening the
center of an end of the protruding portion to make the
protruding portion hollow, to insert the male terminal
member 1nto the protruding portion,
wherein the female terminal includes a cylindrical por-

tion at the end of the protruding portion cylindrically
molded by diametrically wideming the stranded con-
ductor at the end of the protruding portion, and the
cylindrical portion 1s formed with plural slits 1n 1ts
axial direction, which circumierentially split the
cylindrical portion.

13. The conductor connection structure according to claim
12, wherein the female terminal 1s formed by arranging a
female terminal mold around the protruding portion, and
pushing a pusher member with a pointed protrusion into the
end of the protruding portion to widen the plural wire con-
ductors of the protruding portion outward, so that the female
terminal 1s molded by the pressure between the female termi-
nal mold and the pusher member.

14. The conductor connection structure according to claim
12,

wherein an even number of the slits are formed to circum-
ferentially and equally split the cylindrical portion.

15. The conductor connection structure according to claim
12, wherein the female terminal 1s formed by wideming out-
ward and pressure molding the plural wire conductors of the
protruding portion, and subsequently adhering a conductive
metal.
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16. The conductor connection structure according to claim
12, wherein the female terminal 1s formed by adhering a
conductive metal to the plural wire conductors at the end of
the stranded conductor, and subsequently widening outward
and pressure molding the plural wire conductors.

17. A conductor connection structure, comprising:

a cable comprising a stranded conductor comprising
twisted plural wire conductors, and an insulating layer
formed around the perimeter of the stranded conductor,
the cable being connected to a male terminal member;

and

a female terminal comprising a protruding portion formed
by causing the stranded conductor to protrude from the
insulating layer at an end of the cable, the female termi-
nal being formed by splitting the protruding portion into
two to be formed 1nto a clevis shape, to sert the male
terminal member into the protruding portion.

18. The conductor connection structure according to claim
17, wherein the female terminal 1s formed with the two clevis
terminal portions, each being formed to have a rectangular
cross-sectional shape.

19. The conductor connection structure according to claim
17, further comprising a spring provided around the perimeter
of the female terminal to inhibit the female terminal from
being widened outward when inserting the male terminal
member.

20. The conductor connection structure according to claim
19, wherein the spring 1s formed of the same material as the
stranded conductor, or stainless.

21. The conductor connection structure according to claim
17, wherein the male terminal member comprises a pin ter-
minal.

22. The conductor connection structure according to claim
17, wherein the male terminal member comprises a cable
comprising a stranded conductor comprising twisted plural
wire conductors, and an insulating layer formed around the
perimeter of the stranded conductor, and a male terminal with
a protruding portion formed by causing the stranded conduc-
tor to protrude from the insulating layer at the end of the cable,
and diametrically compressing the end of the protruding por-
tion, to mate the protruding portion to the female terminal.

23. A conductor connection structure, comprising;

a cable comprising a stranded conductor comprising
twisted plural wire conductors, and an insulating layer
formed around the perimeter of the stranded conductor,
the cable being connected to a male terminal member;
and

a female terminal comprising a protruding portion formed
by causing the stranded conductor to protrude from the
insulating layer at an end of the cable, the female termi-
nal being formed 1n a cylindrical shape by widening the
center of an end of the protruding portion to make the
protruding portion hollow, to 1nsert the male terminal
member 1nto the protruding portion,

wherein the male terminal member comprises a cable com-
prising a stranded conductor comprising twisted plural
wire conductors, and an 1nsulating layer formed around
the perimeter of the stranded conductor, and a male
terminal with a protruding portion formed by causing
the stranded conductor to protrude from the nsulating
layer atthe end of the cable, and diametrically compress-
ing the end of the protruding portion, to mate the pro-
truding portion to the female terminal.
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